Corrosion of a material by reaction with a corrosive environment is a common problem across many industries. Iraq is an oil country and corrosion represents a large portion of the total costs for oil producing and a natural potential hazard associated with oil production and transportation. The synthesis of novel thiosemicarbazone, namely 2-(2,4-dimethoxybenzylidene)hydrazinecarbothioamide (DMBHC), was conducted and the chemical structure was elucidated via the 1 H and 13 C NMR (Nuclear magnetic resonance), and FT-IR (Fourier-transform infrared) spectroscopic spectroscopic techniques in addition to carbon, hydrogen, and nitrogen analyses (CHN analyses). The inhibition properties of the investigated thiosemicarbazone were evaluated for mild steel (MS) corrosion in 1N H 2 SO 4 using electrochemical impedance spectroscopy (EIS), weight loss method, and scanning electron microscopy (SEM). Electrochemical and weight loss techniques revealed that the tested thiosemicarbazone acted as a superior inhibitor for the acidic corrosion of MS and the efficiency increased with increasing concentrations. The EIS results revealed that thiosemicarbazone demonstrated the highest inhibition efficiency of 94.86%, at a concentration of 0.5 mM. Results from the weight loss technique suggested that the thiosemicarbazone acted as a mixed type corrosion inhibitor. The impact of temperature on the mechanism of inhibition of the new synthesized inhibitor of the surface of MS in 1N H 2 SO 4 was investigated at various temperatures (30-60 • C) where the inhibitive efficiency diminished with increasing temperatures. The mechanism of inhibition was additionally verified with the methodological data.
Introduction
Mild steel contains a large proportion of the element iron, which has a wide application in industries, constructional materials, and machines due to its low cost and superior mechanical properties despite its tendency to corrode in aquatic environments, especially in acid solutions [1] [2] [3] . to concentration, time, and temperature. The aim of this research was to identify and characterize cheap and environmentally friendly solutions to control corrosion that must also be sustainable. Compounds with sulfur atoms are preferred for H 2 SO 4 , whereas that with a nitrogen-containing function are more efficient in HCl [31] . In the continuation of previous studies [32] [33] [34] [35] [36] , we report on the synthesis and characterization of a new inhibitor derived from thiosemicarbazide. The novelty of this work lies in the synthesis, characterization (spectral techniques and CHN analysis), and employment of novel thiosemicarbazone as a corrosion inhibitor for the protection of mild steel in a 1N H 2 SO 4 solution. The benefit of this thiosemicarbazone is its high inhibition efficiency (94%), low inhibitor concentration, long working period, and strong bonds between the mild steel surface and inhibitor molecules.
Experimental
The utilized compounds in this investigation were reagent grade (provided through Sigma-Aldrich, KL, Malaysia) and utilized as provided without further purification. The FTIR (Fourier-transform infrared) spectra were recorded utilizing a Thermo Scientific Model Nicolate 6700 spectrophotometer (Thermo Nicolet Corp., Madison, WI, USA). NMR (Nuclear magnetic resonance) spectra were measured on an AVANCE III 600 MHz spectrometer (Bruker, Billerica, MA, USA). CHN (carbon hydrogen and nitrogen) elemental microanalysis was performed on an Elementar Vario El III Carlo Erba 1108 elemental analyzer (Carlo Erba Reagenti SpA, Rodano, Italy).
Chemistry
A solution of thiosemicarbazide (2.0 mM) in methyl alcohol (70 mL) was refluxed with 2,4-dimethoxybenzaldehyde (2.0 mM), for seven hours. After completion of the reaction, the precipitate was filtered, washed with methyl alcohol, and dried to yield 52% of a white solid, melting point: 189-192 • C. The chemical structure of the synthesized inhibitor is demonstrated in Scheme 1. The inhibitor molecule was characterized via spectroscopic techniques namely FTIR, NMR, and CHN (carbon hydrogen and nitrogen) analysis. The CHN and analytical calculation/found for the synthesized inhibitor with the chemical formula C 10 nitrogen-containing function are more efficient in HCl [31] . In the continuation of previous studies [32] [33] [34] [35] [36] , we report on the synthesis and characterization of a new inhibitor derived from thiosemicarbazide. The novelty of this work lies in the synthesis, characterization (spectral techniques and CHN analysis), and employment of novel thiosemicarbazone as a corrosion inhibitor for the protection of mild steel in a 1N H2SO4 solution. The benefit of this thiosemicarbazone is its high inhibition efficiency (94%), low inhibitor concentration, long working period, and strong bonds between the mild steel surface and inhibitor molecules.
Experimental
The utilized compounds in this investigation were reagent grade (provided through Sigma-Aldrich, KL, Malaysia) and utilized as provided without further purification. The FTIR (Fouriertransform infrared) spectra were recorded utilizing a Thermo Scientific Model Nicolate 6700 spectrophotometer (Thermo Nicolet Corp., Madison, WI, USA). NMR (Nuclear magnetic resonance) spectra were measured on an AVANCE III 600 MHz spectrometer (Bruker, Billerica, MA, USA). CHN ( carbon hydrogen and nitrogen) elemental microanalysis was performed on an Elementar Vario El III Carlo Erba 1108 elemental analyzer (Carlo Erba Reagenti SpA, Rodano, Italy).
Chemistry
A solution of thiosemicarbazide (2.0 mM) in methyl alcohol (70 mL) was refluxed with 2,4dimethoxybenzaldehyde (2.0 mM), for seven hours. After completion of the reaction, the precipitate was filtered, washed with methyl alcohol, and dried to yield 52% of a white solid, melting point: 189-192 °C. The chemical structure of the synthesized inhibitor is demonstrated in Scheme 1. The inhibitor molecule was characterized via spectroscopic techniques namely FTIR, NMR, and CHN (carbon hydrogen and nitrogen) analysis. The CHN and analytical calculation/found for the synthesized inhibitor with the chemical formula C10H13N3O2S: C, 50 
Corrosion Tests
Mild steel samples (Metal Samples Company) with the following chemical composition Fe, 99.21; C, 0.21; Si, 0.38; P, 0.09; S, 0.05; Mn, 0.05; and Al, 0.01 was used for all of the experiments (surface area of 4.5 cm 2 ). After each immersion time, the mild steel samples were removed and polished mechanically with emery papers, rinsed with double distilled water, degreased with acetone, dried in warm air, and re-weighed according to standard procedure ASTM, G1-03 [37] .
Electrochemical Impedance Spectroscopy Measurements
EIS measurements were repeated three times and proceeded in aerated conditions at 30, 40, 50, and 60 °C in 1.0 N sulfuric acid (non-stirred) in the presence of the synthesized inhibitor with the concentrations of 0, 0.1, 0.2, 0.3, 0.4, and 0.5 mM. The H2SO4 concentration was chosen based on the conditions usually performed during the pickling operation in industries. Fresh solutions were prepared utilizing distilled water. Every experiment was repeated three times, and the average value noted the reproducibility of the tests. The investigations were done by employing the Gamry Instrument Potentiostat/Galvanostat/ZRA (REF 600, Gamry Instruments, Warminster, PA, USA) Scheme 1. Chemical structure of the synthesized inhibitor.
Corrosion Tests
Electrochemical Impedance Spectroscopy Measurements
EIS measurements were repeated three times and proceeded in aerated conditions at 30, 40, 50, and 60 • C in 1.0 N sulfuric acid (non-stirred) in the presence of the synthesized inhibitor with the concentrations of 0, 0.1, 0.2, 0.3, 0.4, and 0.5 mM. The H 2 SO 4 concentration was chosen based Coatings 2019, 9, 729 4 of 15 on the conditions usually performed during the pickling operation in industries. Fresh solutions were prepared utilizing distilled water. Every experiment was repeated three times, and the average value noted the reproducibility of the tests. The investigations were done by employing the Gamry Instrument Potentiostat/Galvanostat/ZRA (REF 600, Gamry Instruments, Warminster, PA, USA) model. The cell contained three electrodes: working (mild steel), counter (a graphite bar), and reference (saturated calomel electrode (SCE)). The DC105 and EIS300 software packages (Gamry) were employed to carry out the electrochemical impedance spectroscopy (EIS) measurements. The measurements started 30 min after the working electrode was immersed in the solution to allow for the stabilization of the steady-state potential.
Weight Loss Measurements
The calculated average values were carried out after repeating each measurement three times. The immersion tests were performed and achieved at temperature levels of 60, 70, 80, and 90 • C with the addition of various concentrations of the inhibitor (0, 0.1, 0.2, 0.3, 0.4, and 0.5 mM). The duration of the immersion times was 1, 5, 10, 24, and 48 h, respectively. Corrosion rates (CRs) in (mm/y) and inhibition efficiencies (IE%) in addition to surface coverage (θ) can be calculated according to Equations (1)- (3) .
where K is the constant (87.6); W is the weight loss (mg); A is the area (cm 2 ); and D is the density (g/cm 3 )
The coupons mass loss is represented as W o and W i in the absence and presence of the inhibitor, respectively.
Scanning Electron Microscope Examination
A SEM, TM1000 Hitachi Tabletop Microscope (Hitachi, Krefeld, Germany) at 2000× magnification, was utilized to investigate the surface of the coupons that were immersed in sulfuric acid in the presence and absence of a corrosion inhibitor for 3 h.
Results and Discussion

Chemistry
The reaction sequences for the synthesis of a new corrosion inhibitor starting from thiosemicarbazide are outlined in Scheme 2. The new synthesized inhibitor (DMBHC) was obtained by refluxing 2,4-dimethoxybenzaldehyde with thiosemicarbazide in methyl alcohol. The FTIR spectrum of DMBHC showed an absorption band at 3411.6 and 3289.1 cm −1 for the amino group, 3201.7 cm −1 for N-H amine stretching, and 1596.4 cm −1 for azomethine C=N. This band confirmed the formation of the Schiff base. The 1H-NMR spectrum exhibited a singlet at δ 3.79 ppm and 3.81 ppm due to the three protons of the methoxy groups, a doublet at 6.63, 6.66, and 7.51 ppm for the aromatic ring protons (d,1H for aromatic ring)., and a singlet at 8.58 ppm for azomethine (s,1H for N=CH), where this band confirmed the formation of the Schiff base. Finally, there was a band at 7.49 ppm for the amino group proton (1H for NH). 13C-NMR in DMSO-d6 (ppm): The spectrum exhibited bands at 57.13 and 58.03 ppm were for carbons of the methoxy groups. The bands at 103.10, 103.8, 108.87, 130.82, 149.02, and 160.22 ppm were for carbons of the aromatic ring. The band at 163.21 ppm was for the carbon of azomethine group, and this band confirmed the formation of the C=N (confirmation) group. Finally, there was a band at 177.90 ppm for the carbon of C=S. 
Electrochemical Impedance Spectroscopy (EIS)
Mild steel corrosion in a corrosive environment in the presence of the synthesized inhibitor at the concentrations 0.0, 0.10, 0.20, 0.30, 0.40, and 0.50 mM were investigated at temperatures of 30.0, 40.0, 50.0, and 60.0 °C. Electrochemical impedance spectroscopy calculations were conducted by using the AC signals of the 5 mV peak-to-peak amplitude at the frequency range of 100 KHz to 0.1 Hz of corrosion potential. The data of impedance were fit to proper equivalent circuits (ECs) employing the Gamry Echem Analyst software. Figure 1 demonstrates the Nyquist plots for mild steel in a corrosive environment at 30 °C with various concentrations of the synthesized inhibitor (0.0, 0.10, 0.20, 0.30, 0.40, and 0.50 mM). Table 1 shows the CPE matching data for tested coupons in a concentrated sulfuric acid environment.
According to Figure 1 , the increase in impedance can be considerably detected with increasing concentrations of then synthesized inhibitor. Each inhibitor concentration showed a distinctive semicircular graph and the semicircle diameter was related to the inhibitive corrosion rate. The semicircle diameter increased with the increase in the concentration of inhibitor, which means that the rate of corrosion decreased. 
Mild steel corrosion in a corrosive environment in the presence of the synthesized inhibitor at the concentrations 0.0, 0.10, 0.20, 0.30, 0.40, and 0.50 mM were investigated at temperatures of 30.0, 40.0, 50.0, and 60.0 • C. Electrochemical impedance spectroscopy calculations were conducted by using the AC signals of the 5 mV peak-to-peak amplitude at the frequency range of 100 KHz to 0.1 Hz of corrosion potential. The data of impedance were fit to proper equivalent circuits (ECs) employing the Gamry Echem Analyst software. Figure 1 demonstrates the Nyquist plots for mild steel in a corrosive environment at 30 • C with various concentrations of the synthesized inhibitor (0.0, 0.10, 0.20, 0.30, 0.40, and 0.50 mM). Table 1 shows the CPE matching data for tested coupons in a concentrated sulfuric acid environment.
Scheme 2.
The synthesis of the corrosion inhibitor.
Electrochemical Impedance Spectroscopy (EIS)
According to Figure 1 , the increase in impedance can be considerably detected with increasing concentrations of then synthesized inhibitor. Each inhibitor concentration showed a distinctive semicircular graph and the semicircle diameter was related to the inhibitive corrosion rate. The semicircle diameter increased with the increase in the concentration of inhibitor, which means that the rate of corrosion decreased. According to Figure 1 , the increase in impedance can be considerably detected with increasing concentrations of then synthesized inhibitor. Each inhibitor concentration showed a distinctive semicircular graph and the semicircle diameter was related to the inhibitive corrosion rate. The semicircle diameter increased with the increase in the concentration of inhibitor, which means that the rate of corrosion decreased.
From Figure 1 , it can be concluded that the impedance response of MS was considerably modified after the addition of DMBHC to the acidic environment. This fact can be attributed to an increase in the impedance substrate with an increase in the DMBHC concentration. However, the resistance of mild steel in the presence of 0.5 mM of DMBHC decreased with an increasing solution temperature ( Figure 2 ). This conduct is due to the desorption of the adsorbed DMBHC molecules from the surface of the mild steel. In the resistance spectra of the mild steel with DMBHC, the Nyquist schemes included two loops, the first being in the high frequency area (HF) and the second being the intermediate frequency (MF), in conjunction with unreasonable inductive behavior at minor frequencies (LF). HF and MF loops were imposed on the electrode and on the charge transfer method, respectively. Inductive behavior observed in the LF region was attributed to absorption relaxation DMBHC molecules on the surface of the mild steel in the corrosive environment without and with the inhibitor, respectively [18, 38] . Comparable conduct was spotted for whole tested temperatures. The working electrode with the corroded surface was predicted to be inhomogeneous due to the roughness, so the capacity was demonstrated by a steady phase element (CPE). decrease in the surface area, or an increase in the double layer thickness. Due to the fact that the process is not under diffusion control, the latter is not possible, and the surface area is, in this case, constant, therefore the decrease in the Cdl value was attributed to the replacement of the adsorbed water molecules on the metal surface by the inhibitor having a lower dielectric constant, which indicates that the adsorption of the inhibitor molecules is necessary to decrease the steel corrosion rate.
The corrosion of the MS surface in a corrosive environment with DMBHC was investigated at various temperatures (30.0, 40.0, 50.0, and 60.0 °C). Figure 2 demonstrates the Nyquist plots for MS in the presence of the synthesized inhibitor at the concentration 0.5 mM in 1.0 N sulfuric acid at various temperatures. According to Figure 2 , the semicircle diameter became minimal as the temperature was raised from 30.0-60.0 °C. The higher the solution temperature, the smaller the diameter of the semicircle. This consequence implies that the CR (corrosion rate) diminishes with the increasing temperature of the solution [39] . We used Gamry Echem Analyst software to analyze the EIS data of the experiments (CPE, Rs, Rct, and Cdl). Table 2 displays the CPE matching data in a corrosive environment in the presence of the inhibitor at the concentration 0.5 mM for mild steel at various temperatures. According to Table 2 , a rise in the temperature from 30 °C to 60 °C caused the decreases in Rct and IE. The molecules of the corrosion inhibitor adsorbed on the mild steel surface will experience desorption if the temperature of the solution is increased. A decrease in the C dl value was due to a decrease in the double layer dielectric constant, a decrease in the surface area, or an increase in the double layer thickness. Due to the fact that the process is not under diffusion control, the latter is not possible, and the surface area is, in this case, constant, therefore the decrease in the C dl value was attributed to the replacement of the adsorbed water molecules on the metal surface by the inhibitor having a lower dielectric constant, which indicates that the adsorption of the inhibitor molecules is necessary to decrease the steel corrosion rate.
The corrosion of the MS surface in a corrosive environment with DMBHC was investigated at various temperatures (30.0, 40.0, 50.0, and 60.0 • C). Figure 2 demonstrates the Nyquist plots for MS in the presence of the synthesized inhibitor at the concentration 0.5 mM in 1.0 N sulfuric acid at various temperatures. According to Figure 2 , the semicircle diameter became minimal as the temperature was raised from 30.0-60.0 • C. The higher the solution temperature, the smaller the diameter of the semicircle. This consequence implies that the CR (corrosion rate) diminishes with the increasing temperature of the solution [39] . We used Gamry Echem Analyst software to analyze the EIS data of the experiments (CPE, R s , R ct , and C dl ). Table 2 displays the CPE matching data in a corrosive environment in the presence of the inhibitor at the concentration 0.5 mM for mild steel at various temperatures. According to Table 2 , a rise in the temperature from 30 • C to 60 • C caused the decreases in R ct and IE. The molecules of the corrosion inhibitor adsorbed on the mild steel surface will experience desorption if the temperature of the solution is increased. When the results of the EIS have been obtained, the fitting of the circuit was carried out by utilizing the parabolic circuit model. The CPE circle was selected as an equivalent model for matching performance. In Figure 3 , the solution resistance was represented by R s , where the charge transfer resistance and the constant phase element were represented by R ct and CPE, respectively. When the results of the EIS have been obtained, the fitting of the circuit was carried out by utilizing the parabolic circuit model. The CPE circle was selected as an equivalent model for matching performance. In Figure 3 , the solution resistance was represented by Rs, where the charge transfer resistance and the constant phase element were represented by Rct and CPE, respectively. EIS data (Nyquist plot, Bode plot) were analyzed and identified as a corrosion mechanism that occurred on the metal surface. EIS data are often interpreted in terms of equivalent electrical circuits that are employed to characterize the electrical features of electrochemical interfaces [40] . Mostly, the impedance spectra obtained for MS corrosion in H2SO4 environment consists of one time-constant in Bode-phase representation, which corresponds to the process of a charge/transfer. The MS Bode plots in 1.0 N H2SO4 environment in the presence and absence of the DMBHC is demonstrated in Figure 4 . When the Nyquist plot had a depressed/semicircle with the center under the real axis, such behavior is characteristic for solid electrodes and is often referred to as frequency dispersion, which can be attributed to the roughness and inhomogeneity of the MS surface [41] . Two routes were utilized in previous studies to characterize the spectra EIS for the inhomogeneous films on the surface of MS or rough and porous electrodes. The first is the limited transmission line model [42] ,and the second is the filmed equivalent circuit model [43] , which is generally suggested for the investigation of the decay of coated alloys [44] . It has been proposed that the EIS spectra for the metal coated by the organic molecules layers are quite comparable to the failed coating alloys. EIS data (Nyquist plot, Bode plot) were analyzed and identified as a corrosion mechanism that occurred on the metal surface. EIS data are often interpreted in terms of equivalent electrical circuits that are employed to characterize the electrical features of electrochemical interfaces [40] . Mostly, the impedance spectra obtained for MS corrosion in H 2 SO 4 environment consists of one time-constant in Bode-phase representation, which corresponds to the process of a charge/transfer. The MS Bode plots in 1.0 N H 2 SO 4 environment in the presence and absence of the DMBHC is demonstrated in Figure 4 . When the Nyquist plot had a depressed/semicircle with the center under the real axis, such behavior is characteristic for solid electrodes and is often referred to as frequency dispersion, which can be attributed to the roughness and inhomogeneity of the MS surface [41] . Two routes were utilized in previous studies to characterize the spectra EIS for the inhomogeneous films on the surface of MS or rough and porous electrodes. The first is the limited transmission line model [42] , and the second is the filmed equivalent circuit model [43] , which is generally suggested for the investigation of the decay of coated alloys [44] . It has been proposed that the EIS spectra for the metal coated by the organic molecules layers are quite comparable to the failed coating alloys. 
Open Circuit Potential (OCP)
The OCP was measured at varying temperatures at the fixed inhibitor concentration 0.5 mM. The OCP (Figure 4 ) increased in the range of 40 and 60 °C, demonstrating that the counterpart sample of mild steel corrosion due to the considerable amounts of protection causing debilitation, and the inhibitor could further expedite the corrosion rate. In other words, a high temperature decreased the effectiveness of the inhibitor [45, 46] . From Figure 5 , it is obvious that the addition of DMBHC to the sulfuric acid shifted the OCP to more positive values at all investigated temperatures. This positive shift of the OCP in the presence of DMBHC shows that DMBHC influenced the anodic reaction of the MS surface corrosion. At the temperature of 30 °C, the maximum shift was 55 mV. This primary result suggests that DMBHC can block anodic reactions under OCP conditions, leading to the oxidation on the mild steel surface [13] . The OCP values in the presence of DMBHC shifted toward the positive direction with increasing temperatures when considering the deterioration of the surface layers for the DMBHC and oxide. 30 35 40 
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Weight Loss Studies
Concentration Effect
Differences in CR and IE based on various concentrations of DMBHC inhibitor molecules for immersion times of 1, 5, 10, 24, 48, and 72 h in a sulfuric acid environment at 30 • C are explained in Figures 5 and 6 . The corrosion rate decreased with an increase in the DMBHC concentration. The inhibition performance increased with increasing DMBHC concentration. The result showed that the DMBHC molecules were adsorbed on the mild steel surface and formed a protective layer in both low and high concentrations of DMBHC. From Figures 6 and 7 , it can be seen that the difference in CR and IE% with the immersion time became considerable within the first 5 h. At 5 h, as the immersion time was increased, the corrosion rate of DMBHC become the lowest value of 14.25 and the inhibition efficiency reached a superior value of 93.84%. Broadly, the adsorbed of DMBHC molecules are the displacement reaction involving the elimination of adsorbed H 2 O molecules from the mild metal surface. DMBHC molecules were adsorbed chemically due to interactions of the pi-electrons of these molecules with the mild steel surface. The IE was observed to decrease after 10 h of immersion. The decrease in IE was attributed to the desorption of the DMBHC from the MS surface. Generally, the IE of DMBHC depends on the ability of adsorption on the surface. The surface coverage (θ) is defined as IE/100 and can be obtained from weight loss technique (Equation (3)). 
Temperature Impact
The influence of temperature was investigated on two factors: corrosion rate and inhibition efficiency. The results are shown in Figure 8 . In general, the corrosion rate linearly increased with increasing temperature, as demonstrated in Figure 8 . The inhibition efficiency decreased with the increase of temperature. The decrease in the inhibition efficiency of DMBHC at higher temperatures was due to the instability of the DMBHC molecules when these molecules were subjected to higher temperatures. Moreover, the water viscosity was decreased based on the temperature increase, which led to increased diffusion, which would permit the increased transport of reactants and products on the mild steel surface. It is obvious from the results that the impact of temperature on the corrosion rate in the absence of the corrosion inhibitor was 3-4 times that in the presence of the corrosion inhibitor, which was because the inhibitor isolates the metal from the solution. An increase in temperature is normally expected to speed up a chemical reaction according to thermodynamic considerations. Temperature Impact
The influence of temperature was investigated on two factors: corrosion rate and inhibition efficiency. The results are shown in Figure 8 . In general, the corrosion rate linearly increased with increasing temperature, as demonstrated in Figure 8 . The inhibition efficiency decreased with the increase of temperature. The decrease in the inhibition efficiency of DMBHC at higher temperatures was due to the instability of the DMBHC molecules when these molecules were subjected to higher temperatures. Moreover, the water viscosity was decreased based on the temperature increase, which led to increased diffusion, which would permit the increased transport of reactants and products on the mild steel surface. It is obvious from the results that the impact of temperature on the corrosion rate in the absence of the corrosion inhibitor was 3-4 times that in the presence of the corrosion inhibitor, which was because the inhibitor isolates the metal from the solution. An increase in temperature is normally expected to speed up a chemical reaction according to thermodynamic considerations. The effect of temperature on IE% is illustrated in Figure 8 . It shows a perfect significance for the IE% drop with temperature rise due to the physical-chemical adsorption. Figures 8 and 9 show that a longer immersion time indicates a higher corrosion rate and lower inhibition efficiency, suggesting that the DMBHC molecules may be unstable at longer immersion times. The decrease in inhibition efficiency with time has been attributed to a decrease in the surface coverage with immersion times. These results demonstrate that the adsorption of the DMBHC molecules on the coupon surface is relatively long. That the inhibition efficiencies increase with an increase in concentration demonstrate that the surface coverage by the DMBHC molecules increases.
Therefore, surfaces with an incomplete protective layer remain to be exposed to the corrosive environment for a long period of time [47, 48] . The effect of temperature on IE% is illustrated in Figure 8 . It shows a perfect significance for the IE% drop with temperature rise due to the physical-chemical adsorption. Figures 8 and 9 show that a longer immersion time indicates a higher corrosion rate and lower inhibition efficiency, suggesting that the DMBHC molecules may be unstable at longer immersion times. The decrease in inhibition efficiency with time has been attributed to a decrease in the surface coverage with immersion times. These results demonstrate that the adsorption of the DMBHC molecules on the coupon surface is relatively long. That the inhibition efficiencies increase with an increase in concentration demonstrate that the surface coverage by the DMBHC molecules increases. Temperature Impact
The influence of temperature was investigated on two factors: corrosion rate and inhibition efficiency. The results are shown in Figure 8 . In general, the corrosion rate linearly increased with increasing temperature, as demonstrated in Figure 8 . The inhibition efficiency decreased with the increase of temperature. The decrease in the inhibition efficiency of DMBHC at higher temperatures was due to the instability of the DMBHC molecules when these molecules were subjected to higher temperatures. Moreover, the water viscosity was decreased based on the temperature increase, which led to increased diffusion, which would permit the increased transport of reactants and products on the mild steel surface. It is obvious from the results that the impact of temperature on the corrosion rate in the absence of the corrosion inhibitor was 3-4 times that in the presence of the corrosion inhibitor, which was because the inhibitor isolates the metal from the solution. An increase in temperature is normally expected to speed up a chemical reaction according to thermodynamic considerations. Therefore, surfaces with an incomplete protective layer remain to be exposed to the corrosive environment for a long period of time [47, 48] .
Inhibitive Mechanism
The corrosion inhibitor could be adsorbed on the mild steel surface and form a protective layer to improve the corrosion impedance of mild steel by decreasing the corrosion rate [37] . In general, the inhibitive mechanism is one of three approaches: (1) the chemical approach (chemisorption), where the inhibitor molecules are adsorbed on the metal surface and form a protective film; (2) the inhibitor molecules lead to the formation of a protective layer through oxide protection of the base metal; and (3) the inhibitor molecules react with the potential corrosive components of the environment and form metal complexes [49] . The initial stage in the mechanism of DMBHC as a corrosion inhibitor in a H 2 SO 4 solution is the adsorption of DMBHC molecules on the mild steel surface. In previous studies, the formation of donor-accepter surface complexes between unshared and/or π-electrons of inhibitor molecules and the unoccupied orbital of iron were assumed [50, 51] . The adsorption process is affected by the charges and/or nature of the alloy and inhibitor molecular structure with the nature of a corrosive environment. The PZC (potential with zero charge) is the potential of metal which is measured versus the reference electrode that the ionic double layer is absent on the electrode and the electrode has superior capabilities to adsorb material solved in the electrolyte. The power of an electrode to adsorb the inhibitor molecules is redacted with the existence of the potential variation on the ionic double layer. This is due to the field pulls in H 2 O molecules with a superior electric constant, dislodging complexes from the mild steel surface. Consequently, the adsorption power of an electrode is extremely close to the zero charge. The charge of the surface can be determined [35] from the PZC on the ψ c (correlative scale) through Equation (4):
where Eq = 0 is the PZC. However, the value of Ecorr obtained in acid is −441 mV versus SCE [52] [53] [54] [55] . The sulfuric acid ψ c value is positive, so the surface of mild steel achieves a positive charge. Sulfate ions (in the H 2 SO 4 environment) are initially adsorbed on the mild steel surface, therefore, the surface becomes negatively charged. Due to the electrostatic attraction, the synthesized inhibitor molecules are adsorbed on the mild steel surface with predictable high inhibition efficiency. The DMBHC is adsorbed on the MS surface through pi and free electrons and exhibits a higher performance in sulfuric acid.
Electrostatic interaction, chemisorption of the DMBHC molecules, is possible via the unoccupied (d) orbital of Fe-atoms, which acts as an electron acceptor. Therefore, coordinated bonds are formed through the overlap of the unoccupied 3d-orbitals of iron with p-orbital electrons in the DMBHC molecules. Thus, DMBHC molecules can be adsorbed on a metal surface.
DMBHC molecules against MS corrosion in 1N of H 2 SO 4 can be expounded in terms of the number of adsorption sites, charge density, size of the molecules, interaction of the inhibitor with the surface of the metal technique, and formation of an insoluble complex. From chemical bonds with a metallic surface, the π-electrons involved in both unpaired electrons and double bonds on nitrogen and oxygen atoms are displayed in Scheme 3. 
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where Eq = 0 is the PZC. However, the value of Ecorr obtained in acid is −441 mV versus SCE [52] [53] [54] [55] . The sulfuric acid ψc value is positive, so the surface of mild steel achieves a positive charge. Sulfate ions (in the H2SO4 environment) are initially adsorbed on the mild steel surface, therefore, the surface becomes negatively charged. Due to the electrostatic attraction, the synthesized inhibitor molecules are adsorbed on the mild steel surface with predictable high inhibition efficiency. The DMBHC is adsorbed on the MS surface through pi and free electrons and exhibits a higher performance in sulfuric acid.
DMBHC molecules against MS corrosion in 1N of H2SO4 can be expounded in terms of the number of adsorption sites, charge density, size of the molecules, interaction of the inhibitor with the surface of the metal technique, and formation of an insoluble complex. From chemical bonds with a metallic surface, the π-electrons involved in both unpaired electrons and double bonds on nitrogen and oxygen atoms are displayed in Scheme (3). Scheme 3. The proposed action of the DMBHC molecule mechanism as a corrosion inhibitor. Scheme 3. The proposed action of the DMBHC molecule mechanism as a corrosion inhibitor.
Scanning Electron Microscopy (SEM)
The scanning electron microscope was located in the Unit of Electron Microscopy at the Universiti Kebangsaan Malaysia. Figure 10 shows the micrograph of the coupon surface where it can be observed that the surface was corroded and rough in the corrosive solution in the absence of the corrosion inhibitor. The metal surface was extremely attacked by sulfuric acid. In Figure 11 , the metal surface was not considerably affected by corrosion due to formation of a protection film on the metal surface. This suggests that the synthesized corrosion inhibitor has the ability to inhibit the pitting corrosion of a metal surface in a 1N H 2 SO 4 environment.
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In this investigation, a new corrosion inhibitor was synthesized and the structural formula was elucidated via deferent spectroscopic measurements. Variation in the EIS and the weight loss method were employed to investigate the corrosion inhibition of MS in a corrosive environment at 30, 40, 50 and 60 °C. The new inhibitor demonstrated superior inhibition effectiveness as a mixed-type Figure 11 . The SEM micrograph for mild steel in a corrosive solution in the presence of the corrosion inhibitor.
In this investigation, a new corrosion inhibitor was synthesized and the structural formula was elucidated via deferent spectroscopic measurements. Variation in the EIS and the weight loss method were employed to investigate the corrosion inhibition of MS in a corrosive environment at 30, 40, 50 and 60 • C. The new inhibitor demonstrated superior inhibition effectiveness as a mixed-type inhibitor.
Generally, the corrosive corrosion of MS was increased proportionally with temperature. The SEM micrographs explained that the molecules of the inhibitor formed a layer to protect the surface of the mild steel surface against the corrosive solution and demonstrated the highest inhibition performance of 93%. 
